INTRODUCTION {#sec1-1}
============

Patients with bladder malignancies or severe anatomical/functional bladder abnormalities may be candidates for urinary diversion at the time of cystectomy. The aim of reconstructive urology is to produce a urinary reservoir that is as functionally similar to the native urinary bladder as possible in terms of storage, voiding, continence and preservation of renal function.\[[@ref1]\]

The physiological issues with the use of bowel in urinary diversion arise as the intestine itself was never meant to serve either as a conduit for urine or for storage of urine. The patient\'s compensatory mechanisms initially adapt to the use of bowel and then physiological compensatory mechanisms prevent the onset of the metabolic complications. When a segment of the bowel is removed for this reconstruction, the re-absorption area of the remaining bowel decreases but this segment retains its absorbing and secreting characteristics.\[[@ref1][@ref2]\]

The principal issue with the use of bowel in urinary diversion is due to the fact that the bowel continues to produce mucus and continues to perform its main physiological function of secretion and re-absorption. Over time, the mucosa of the colon and the ileum atrophies. The exact mechanism of this process continues to be evaluated, but there is strong evidence to suggest that the lack of stimulation of the bowel mucosa due to the possible lack of feculent matter being in contact with the bowel leads to this.\[[@ref2][@ref3][@ref4]\]

The choice of the type of urinary diversion requires careful clinical and quality of life (QOL) assessments with the patient. The current techniques of urinary diversion range from a uretero--ileo--cutaneostomy\[[@ref1]\] to detubularized ileal or ileocolonic segments that can be used to create continent diversions or orthotropic neobladders.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] A summary of the types of urinary diversions is presented in [Table 1](#T1){ref-type="table"}.

###### 

Types of urinary diversion segments
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We review the metabolic complications associated with urinary diversion and describe the characteristic clinical presentation, follow-up and treatment of these complications. The extent of the metabolic problem depends on the length and the type of bowel segment used as well as the atrophy of the bowel mucosa subsequent to chronic urinary diversion, baseline renal function, baseline liver function, age, prior chemotherapy/radiotherapy and concomitant comorbidities.\[[@ref2][@ref5]\] A summary of the metabolic complications in patients undergoing urinary diversion is presented in [Table 2](#T2){ref-type="table"}.

###### 

Summary of the metabolic complications following urinary diversion
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ALTERED BOWEL FUNCTION/MALABSORPTION {#sec1-2}
====================================

A major concern when intestinal segments are used during urinary reconstruction is the resultant effect on bowel function. Patients undergoing a urinary diversion often report diarrhea. This symptom has a significant impact on the patient\'s QOL.\[[@ref7]\] Following the loss of intestinal absorptive surfaces to create a diversion, a number of nutritional complications can also occur. The removal of the terminal ileum or the ileocaecal valve can interfere with the absorption of bile salts that lead to the colonization of bacteria within the terminal ileum leading to the patients developing chronic diarrhea. Hence, the terminal ileum is not routinely used during urinary diversion to prevent the side-effects of Vitamin B12 deficiency. Bile salts are normally reabsorbed and recycled at the terminal ileum. They are essential for fat digestion and for the uptake of fat-soluble vitamins A and D.

The resection of the terminal ileum results in a reduction in bile salt and fat absorption. Larger quantities of bile salts and un-metabolized lipids enter the colon, causing mucosal irritation and steatorrhea. Loss of the ileocaecal valve following resection can also cause diarrhea following bacterial overgrowth of the remaining ileum, reducing its absorptive capacity and thus preventing bile salt and fat absorption.\[[@ref13]\] Colonic resections may also cause diarrhea. This occurs when the shortened colonic segment does not absorb the alkaline ileal contents during urinary diversion. This results in diarrhea, dehydration and acidosis. Vitamin B12 is also absorbed at the terminal ileum. Malabsorption has been reported in patients following ileal or gastric resection. Patients with B12 deficiency may present with megaloblastic anemia and peripheral nerve paraesthesia. Because of large B12 stores, deficiencies often do not present for several years.\[[@ref14]\] Treatment of persistent diarrhea after urinary diversion consists of cholestyramine (a resin that binds bile salts), increased dietary fiber and the use of Loperamide.

Acid--Base Abnormalities {#sec2-1}
------------------------

The principal metabolic abnormality in patients undergoing a urinary diversion is the tendency for patients to develop a respiratory-compensated metabolic acidosis, normally to a very mild degree. This results in further sequelae such as significant demineralization of the skeleton, which has an effect on patient growth, especially in young patients. The patient\'s baseline renal function is important in the initialization of the compensatory process. The degree, nature and severity of a patient\'s symptoms largely depend on the type of bowel segment used. The metabolic complications as per the type of bowel segment used are summarized in [Table 3](#T3){ref-type="table"}.

###### 

Metabolic complications and changes using different gut segments
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When a patient\'s jejunum is used, the metabolic complication is hyponatremic, hyperkalemia metabolic acidosis, which can be very severe clinically. The clinical symptoms of the metabolic complications as per the different gut segment used are summarized in [Table 4](#T4){ref-type="table"}.

###### 

Clinical characteristics of the metabolic complications as per the gut segment used
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There is no set percentage on how many patients will develop a metabolic complication following a urinary diversion as the presentation and onset of a metabolic complication differ greatly on the patient\'s compensatory mechanisms themselves. If a patient\'s blood plasma chloride level is taken, then approximately 15% of the patients will have a degree of persistent compensatory metabolic acidosis.\[[@ref15]\] The exact etiology of metabolic acidosis in patients undergoing a urinary diversion is still unclear, but the work from McDougal and co-workers has largely contributed to our understanding of the pathogenesis of the condition.\[[@ref16]\] They\[[@ref16]\] showed that water transport across the intestinal epithelium normally follows its osmotic gradient and is dependent on the permeability of the intercellular junction of the luminal cells. The extent of how leaky the intercellular junction is depends on the segment of the gut. With progression of the gut from the stomach to the ileum, the leaky junctions become less leaky. Hence, the stomach is very leaky but the bidirectional fluxes cancel each other. The lack of bidirectional currents makes the jejunum very leaky and hence this is considered to be the reason of the high metabolic complication rates. The ileum is better than the jejunum but is less leaky. The colon is the most efficient segment for a diversion as it has very tight junctions and this reduces the extent of water loss. A hyperchloremic metabolic acidosis is observed with ileal or colonic segments when they are interposed into the urinary tract. In the bowel, sodium and bicarbonate are secreted in exchange for hydrogen and chloride ions.

When urine is in contact with the bowel wall, ammonia, hydrogen and chloride are also reabsorbed. This results in a chronic acid load. A large bowel surface area, prolonged contact time, patient co-morbidities and pre-existing renal failure contribute to the development of metabolic complications. Patients with reservoirs are at increased risk than those with simple conduits due to the prolonged contact time with urine and the larger surface area.\[[@ref15]\] Patients may present with weakness, anorexia and vomiting.

A hypochloremia, hypokalemia metabolic acidosis is seen when the stomach is used. This is a significant problem in patients who are dehydrated or who have renal failure as the bicarbonate excretion is impaired.\[[@ref4]\] Patients may present with lethargy, seizures, respiratory complications and ventricular arrhythmias.

The use of jejunum in urinary intestinal diversion can result in hyponatremia, hypochloremia, hyperkalemia and acidosis in up to 40% of the patients. The severity of this disorder is dependent on the segment of the jejunum used. The biochemical abnormality seen is the result of increased secretion of sodium and chloride with increased reabsorption of hydrogen and potassium ions. The patient also becomes dehydrated as large volumes of water are secreted with the sodium chloride. This resultant hypovolemia and hyperkalemia stimulates the renin--angiotensin system, causing aldosterone to be released.\[[@ref4]\] Patients often present with lethargy, nausea and vomiting, dehydration and muscle weakness.

Electrolyte Abnormalities {#sec2-2}
-------------------------

Following urinary diversion, there are a number of electrolyte abnormalities that occur when intestinal segments are incorporated into the urinary system. These include hypokalemia, hypocalcemia and hypomagnesemia.\[[@ref13]\]

Most electrolyte shifts in the gut are trans-cellular, although a certain degree of para-cellular movement of ions can occur. Sodium is absorbed in much the same way via trans-cellular and para-cellular routes in the ileum and the colon. The ileum absorbs less chloride but more potassium than the colon. In the ileum, the sodium loss is clinically not an issue but in certain cases of severe metabolic acidosis potassium, calcium and magnesium loss can occur that leads to the development of hypokalemia, hypocalcemia and hypomagnesemia. The loss of potassium ions is secondary to intestinal losses and by renal wasting. Patients following urinary diversion can become acidotic as previously mentioned. It is important to be aware of this acid--base balance as correction of the acidosis can worsen the potassium losses.

The mechanism of the development of hyperchloremic acidosis occurs due to ammonia absorption. Ammonium ions dissociate into ammonia and hydrogen. The ammonia then dissociates into cells and the hydrogen ion is actively absorbed in exchange for sodium. The ammonium itself may be absorbed as a substitute for potassium through the potassium channels. This causes the ammonium to enter the ileal or colonic luminal cell, and this is further balanced by the absorption of chloride. Hence, the ammonium and chloride are absorbed and cause a hyperchloremic acidosis and bicarbonate loss.

Hypocalcemia is again the result of renal wasting and the reduction of the body calcium stores. The chronic metabolic acidosis seen following urinary diversion is buffered by bone carbonate. This process releases calcium from the bone. The ongoing acidosis prevents renal calcium re-absorption. Hypocalcemia results in bone demineralization, but this complication is more common in patients with nutritional and renal wasting.

Bone Metabolism {#sec2-3}
---------------

The chronic metabolic hyperchloremic acidosis observed following urinary diversion is buffered by the bone minerals calcium, carbonate and sodium. The mobilization of these minerals results in demineralization of bone. The acidosis observed also impairs the renal activation of vitamin D, which is vital for normal bone mineralization. The intestinal absorption of vitamin D and calcium is also impaired following the loss of absorptive surfaces when intestinal segments are used during diversion.\[[@ref17]\] Bone metabolism issues of demineralization are most important in growing children who have undergone a urinary diversion. Why acidosis leads to skeletal demineralization in children and not in adults, including post-menopausal women is still not clear and is a matter of continuing investigation. Acidosis also activates osteoclasts, resulting in bone reabsorption. Because of the use of bowel segments in urinary diversion, intestinal absorption of calcium and vitamin D can also be impaired. Parathormone does not seem to play a role in demineralization after urinary diversion. Again, patients with decreased renal function are particularly at risk for this sequence. Severe bone demineralization leading to osteomalacia in adults or rickets in children is rare. In severe cases, the bone minerals are replaced by osteoid bone, which can result in osteomalacia. Patients may present with pain in their weight-bearing joints.

Calculi {#sec2-4}
-------

Patients undergoing urinary intestinal diversion are at increased risk of stone formation.\[[@ref18]\] Those most susceptible include patients with hyperchloremic metabolic acidosis, chronic urinary tract infections with a urea-splitting organism, e.g. Proteus, Klebsiella and Pseudomonas, and the presence of foreign bodies such as staples or sutures, which can act as a nidus for stone formation.\[[@ref19]\]

The development of systemic acidosis increases the risk of stone formation.\[[@ref19]\] The prolonged contact of urine with the intestinal surface encourages the exchange of chloride with bicarbonate. The loss of bicarbonate results in acidosis and hypercalciuria, resulting in calcium stones. The use of the ileum in urinary intestinal diversion may result in excess bile salts binding calcium and causing increased absorption of oxalate, increasing the risk of oxalate calculi. In addition, excess conduit length, dehydration and urine stasis may put patients at an increased risk of stone formation.

Renal Function {#sec2-5}
--------------

Renal function can be impaired following urinary diversion as a result of ureteric obstruction. This is often the result of stenosis of uretero--intestinal anastomosis. Renal function can also be affected by recurrent urinary infections and urinary lithiasis.\[[@ref12][@ref13]\] From the age of 40 years onwards, the glomerular filtration rate (GFR) of adults decreases progressively, with approximately 1 mL/min/1.73 m² from an initial normal value of 100 to 130 mL/min/1.73 m².\[[@ref20]\] Factors that impair renal function after urinary diversion are obstruction of the ureters (stenosis of uretero--intestinal anastomosis), recurrent infection and urinary lithiasis. The exact impact of urinary diversion on renal function is not known, and the diagnosis and treatment of upper urinary tract deterioration is essential in preserving renal function. Long-term follow-up with blood tests and imaging is key. In patients with renal failure, there is a trend for using refluxing anastomosis in those patients who provide a low-pressure pouch. In the current literature, there is no single best urinary diversion technique for patients with renal impairment. It has been shown that GFR decreases 15--25% after urinary diversion with a follow-up of 11 years.\[[@ref20]\] There is clearly a need for prospective randomized controlled studies on the issue of refluxing versus anti-refluxing anastomosis in continent urinary reconstruction.

In all patients undergoing urinary diversion surgery, life-long monitoring of renal function should be conducted. The use of serum creatinine is not a sensitive parameter to follow the renal function in these patients, and patients should be serially followed-up with renal ultrasound together with serum creatinine.

In patients with renal transplant graft that are scheduled to undergo urinary diversion surgery, caution should be exercised. Studies have shown that the presence of chronic bacteriuria did not affect the renal function in patients with renal transplants undergoing urinary diversion as assessed by the serum creatinine level. Further studies have reported that patients with ileal conduits can safely undergo renal transplantation if they are carefully selected.\[[@ref21][@ref22]\] The current estimated risk of renal failure/impairment over 5 years after a urinary diversion approach is 16%,\[[@ref23]\] even in patients with previously normal kidneys.

Hepatic Function {#sec2-6}
----------------

Infection with urea-splitting bacteria (*Proteus mirabilis*, *Klebsiella oxytoca*, etc.) increases the ammonia load in an acute way. In addition, endotoxins significantly affect hepatic transport and metabolism. There is increased ammonia re-absorption when urine is in contact with the bowel wall. The normal liver can deal with this increased load. However, the presence of urinary tract infections with urea-splitting organisms and urinary tract obstruction can significantly increase the ammonia levels to an extent causing hyperammonemic encephalopathy and even hepatic coma.\[[@ref24]\] Because of the limited protein intake, the use of non-absorbable disaccharides (e.g., lactulose enemata) and oral neomycin can diminish the nitrogen load for the patient. Pre-existing hepatic disease obviously will put the patient at a risk for this kind of complication. It is the most frequent cause of altered sensorium in patients with urinary diversion. In patients with non-continent diversion such as an ileal conduit, the occurrence of these complications is extremely rare.

Abnormal Drug Kinetics {#sec2-7}
----------------------

Many drugs are normally secreted in urine. Because of the use of the gut during urinary diversion, a large amount of substances is re-absorbed via the intestine. The re-absorption of drugs can result in both diagnostic and therapeutic issues. In patients with diabetes, urine glucose testing is inaccurate due to glucose re-absorption. Drugs that are secreted unchanged in the urine and are absorbed by the intestine can also cause problems. Patients undergoing chemotherapy should have a catheter placed during treatment. Other drugs including Phenytoin, Theofyllin, Lithium, Methotrexate and several antibiotics are known to be absorbed by intestinal segments.\[[@ref25][@ref26]\] The clinical significance of this process is difficult to summarize in general terms as an important inter-individual variability in ileal absorption is present.\[[@ref26]\] Urologists must be aware of the need for dose adaptations in certain clinical settings.

Prevention of Metabolic Complications following Urinary Diversion {#sec2-8}
-----------------------------------------------------------------

The metabolic complications in patients following urinary diversion can occur from within the peri-operative period to many years following urinary diversion.\[[@ref23]\] Although there is an international consensus on the importance of monitoring metabolic acidosis, vitamin B12 levels and upper tract obstruction in patients undergoing urinary diversion, there are no formal guidelines.\[[@ref23]\]

When a urological surgeon decides to perform a urinary diversion on the appropriately selected patient, it is important to select the type of diversion and the ideal gut segment that should be used. We summarize the specific metabolic complications depending on the type of the urinary diversion procedure performed in [Table 5](#T5){ref-type="table"}.

###### 

Specific metabolic complications associated with the type of the urinary diversion
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Drugs Used in the Management of the Metabolic Complications of Urinary Diversion {#sec2-9}
--------------------------------------------------------------------------------

Each metabolic complication needs to be treated on an acute basis. However, additional specific complications such as chronic diarrhea after urinary diversion can be treated with cholestyramine, which is a resin that binds bile salts and increases the consumption of dietary fiber intake. In the United Kingdom, the dose of cholestyramine has to be increased gradually from 4 gm twice a day to 8 gm twice a day. With a chronic use of cholestyramine, patients are at risk of developing deficiency of fat-soluble vitamins such as vitamins A, D and K. In patients with persistent diarrhea despite cholestyramine, benefit may be derived from gastrointestinal gut motility inhibitors such as loperamide hydrochloride.\[[@ref39]\]

There is variability in the definition of metabolic acidosis. In the current literature, the definition is a venous bicarbonate level less than 21 mmol/L. Alkalinizing therapy is commenced with oral sodium bicarbonate (1--2 g three times a day) as standard routine, but some patients complain of significant gastrointestinal symptoms such as excessive flatulence. In these patients who have significant side-effects with sodium bicarbonate, sodium citrate (1--3 g four times a day) can be tried. Depending on the additional current conditions in which sodium needs to be closely monitored, patients benefit from concomitant treatment with nicotinic acid (500 mg four times a day to 2 g four times a day) or chlorpromazine (25--50 mg four times a day) to diminish the need for alkalinizing agents, through inhibition of cyclic AMP-mediated chloride ion transport.\[[@ref40][@ref41]\]

SUMMARY {#sec1-3}
=======

Urinary diversion is a commonly performed procedure. Surgeons need to be aware of the metabolic changes these patients will undergo. Factors influencing these changes include the bowel segment used and the length of the bowel. Ileal conduits are associated with lower metabolic complications, whereas continent urinary diversion will result in longer contact time between urine and the intestinal segment.

Meticulous pre-operative planning, good surgical technique and excellent post-operative care are vital in minimizing such complications. A good knowledge and understanding of the potential complications is vital. Life-long follow-up of patients with urinary diversion is essential in monitoring of patients for oncological and metabolic complications.
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